Abstract. We study the diffractive production of high p t photons at HERA. We have implemented the process as a new hard sub-process in the HERWIG event generator in order to prepare the ground for a future measurement.
Introduction
One of the cleanest of all diffractive processes is that of diffractive photon production in the process γp → γY where the photon carries a large p t and is well separated in rapidity from the hadronic system Y . The process can be measured at HERA [1, 2, 3] . The largeness of the transferred momentum −t ≈ p 2 t ≫ Λ 2 QCD ensures the applicability of perturbative QCD. Unlike diffractive meson production this process has the advantage that the hard subprocess is completely calculable in perturbation theory. The only non-perturbative component resides in the parton density functions of the proton that factorize in the usual manner.
Theoretical interest in this process dates back to the work of [4] where calculations were performed in fixed order perturbation theory and to lowest order in α s . Recent work has extended this calculation to sum all leading logarithms in energy, for real incoming photons [2] and for real and virtual incoming photons [3] . The cross-section for γq → γq can be written dσ γq dp
and we have ignored a small contribution that flips the helicity of the incoming photon. The photon-quark CM energy is given byŝ. To leading logarithmic accuracy [2, 3] 
where
χ(ν) = 2(Ψ(1) − ReΨ(1/2 + iν)) is the BFKL eigenfunction [5] , F (ν) = 2(11 + 12ν 2 ) for on-shell photons and there is a sum over the quark charges squared, e 2 q . The separation in rapidity between the struck parton and the final-state photon is ∆η ≈ log(ŝ/p 2 t ). The full photon-proton cross-section is obtained after multiplying by the parton density functions: dσ dxdp
and we take the factorization scale µ = p t . We have implemented this result in the HERWIG event generator in order to aid the experimental measurement of the process. We also note that having done this, it is a straightforward procedure to include the high-p t production of vector mesons in a similar manner and we intend to do this in the near future. In this paper, we compare the HERWIG generated data with theory and discuss the strategy for a future measurement.
In order to speed up the event generation procedure, we used the following approximate parameterization:
which is good to within a few percent over the z-range of interest.
Results
We show the p t spectrum of the scattered photon in Figure 1 . This plot is computed at fixed W = 200 GeV (W 2 =ŝ/x) and a fixed α s = 0.2. The choice to fix α s is supported by Tevatron and HERA data on gaps between jets and high p t diffractive vector meson production [6] . The solid curve shows the theoretical prediction derived directly from (4), it is compared to the HERWIG generated data at the parton level (before parton showers) and at the hadron level. We used the proton parton density functions of [7] (code 155 in PDFLIB [8] ). The good agreement between theory and parton level is a check that the process is correctly implemented in HERWIG. The systematic shift arises because HERWIG ensures that energy and momentum are conserved and that final state hadrons are on shell [9] .
In subsequent figures, we make the typical HERA cuts on the photon energy variable, 0.25 < y < 0.75, and on the photon virtuality, Q 2 < 0.01 GeV errors are shown corresponding to 44 pb −1 of ep data, typical of that already collected by each HERA experiment. We also make a cut y IP < 0.01 where
and the sum is over all final state particles excluding the electron and photon. Note that y IP can be measured accurately without needing to see the whole of system Y since the material lost at low angles does not contribute much to the numerator. As the last approximate equality shows, this cut ensures that the rapidity gap between the outoing struck parton and the outoing photon is bigger than about 4.5 units (recall that a large rapidity gap is a signal of diffractive processes). We have also integrated over all photon p t > 2.5 GeV (and used p tmin = 1 GeV in the event generation). The effect of varying the y IP cut on the size of rapidity gap can be seen in Figure 2 , where we plot the rapidity of the scattered photon and the edge of system Y . By not requiring to measure system Y in detail it is possible to reach very high rapidity gaps. As the plot shows, gaps of 6 to 7 units in rapidity are not uncommon. Note that the limited y-range combined with the steeply falling p t spectrum constrain the rapidity of the photon to be around η ≈ −2.
In Figure 3 we show the x IP distribution and in Figure 4 the p t distribution:
This variable can be measured to high accuracy. The steep rise at small x IP is driven by the BFKL kernel χ(ν) in (2). In particular, the dominant conribution comes from 
where ω 0 = (3α s /π)4 ln 2 in the LLA. It will be interesting to see to what degree the measured x IP distribution follows this power-like behaviour.
